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507 ^f—hmm 

xyh^^mx&tu^ &-&mmtmr.&mmti>K mmtm^mia^k^mm 
coon] *mw it, mm±.im^tht^mi^m±^ ^mwm^m^hwmmm 

ihumtf , M<DM&&±xhzzb&®'mki-zmmx&z> 0 
[ooi6] Mtmr.(D&mttmb<D<£r&fc<Dmit{iumt>K Ai<DM&sx±xhz>^b*mti 

[0017] rOSft TibAlb&m&ltOm&s TikA\k<D&£l i &&<DMMte. 1400^ 

^it^^uxmmit^tci^^t^m^mnir^mum 

[0018] ■&&il:(DM1tkumfe. Al<DM&£X±X&Z>zktf&itV< . ifelfili^ilv * 
Z.kfr£W£^\ 

[0019] mr.&mmn. Nb, W, Fe. Hf, Re, TateXXfZrfrtbteZmXQmittlZimSX 
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[0020] $%-&mm ^fcmk*-M>&ffi6L&m&i, j &i-< . m^it^m 
[0021] Aifrbtezn— &m<n±&<Dmm^ Ai(DMMsi±<n%&t&MumxhAib&M l 

ti:mmtevi&m^zmmzmm.ir%^btfx%%®%:&mirz> 0 
[0022] *fc, t^tu*. z<D¥m&m±imvt>titiwmb&ffix.z> 
¥mi£m*x$>ox^ -commn, ±m<Dmmx&%^b%wmbirz>¥mi£m s ?'h 

[0023] z<D*ftWK£tu-£ y ^mfcm**^ tm&Mm&m'rzmmtmx.tbtixy,^ 
^tc^.±mbmm<D^m^xmmmm.^mm.v^0m\^m.tj:mmm^ 

mmimm-rzz.bfrxzzwzkzmirZo 

[0024] £X±, *mW<DMf&fc^^Xl&Wl,tc7!)K Ztlb<Dffi!&&&m^ffi.&-'etfrtt-b 

<Dh*mw<Dmmbvxm$}X$>z> 0 ^ ^mm^mm^m^^dtv^z^v 
tch<Di>&tc*mw(DnmbL-xm$hx&Z) 0 
[0025] sir. *mw<Dmm<DMmia\<^x, mm^m^^xmm^mi-^o ft. -r^x 

[0026] <mn<Dmmi> 

m i ^mm<D^mKxy)m^ti^mm(D--m^irmmmi^mxh^o 
[0027] nmmtm^m^mioi±^ 

[0028] ^Hife^^Oin^^k^l^^lOl^bTf*. GaN % A1N, InNfciU^tf) 
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[0029] Z.(DtctblZfe^ Nb, W, Fe, Hf s Re, Ta&£XterfrttZ>m&9mt£tlZ>im£l± 

[0030] fc*5. *W*B»|!i*5V^W:, ttJ&^JBa^S&JRilfctt, «rfe©AJR#«h*> 
[0031] *HJfi©^«8t;:J;«j«m$ttS»ffi-ett, Ai<DmM^h40X:&L±M^^Mmm 
f&-fZ>Z.btftebA,b*fo *fc«> 1&*>'??mffi&mirZ¥mtj:mmMVt*ffix.Z> 

[0032] 07tt> &<%\bthtcFe-AlCD2^&<7)mmX*hZ) 0 

[0033] m (Fe) d^^S^^JSJ^SrfflV^C^, M^Al®.^^ ^Fe-Altf>* 

i^^L-r, FeAi as#£l-5 0 z<D&&<DMMh^<&mmt:&&zirmmteii 

3 

60^C-efc^^i*, SOO^^^ai-eFe^, Ali»?Rf!:tt?Sttii^t-<V\ Fe A 

2 
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«F^OAlom^«il^^«^'fbb^< V ^bntto 
[0034] , mttl£Al*m (Fe) IfffifC joV ^T^{^/SbT-e#SAli:Fe^<D*^ 

^o5*>, mMAm&(o&Mt&&<om&hL<tenmt&&z.irwLm7!>K Ai&m 
tested *fr£k±Aib<DRjfctemMc<\, ^bmnx^Zo 

[0035] Z<Di&^ m-AJRfll^lg-^JRJRt©#Stc^-^JRK«:»^i-SAli^-^ 
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[0036] E)8te x &<&btltc.Nb-Al<D27Z&&<DfamX*lbZ> 0 

[0037] %\\<DMtfrmtLrX^ ~*Zf (Nb) ^JRKSrffl V ^4&^, fl&Atfflfife 

3 

[oo38] *r©*gm* Fe<Dm&tmm<DVEm kxq, Nbfr&j:zn-&mm&m^itm&. 
[0039] mm?., m>frb%:z>mr.&mwk&m v ^$§£\ ^fwa s AiGaN¥##ire*> 

Jh/fi, 830 < CW±^^ol000 < C^T^JKVNaS$Qia^«!!SOi©m. lX10" 5 Qc 
[0040] *BISttia<£fcV\&S, W\ Hf, Re, Ta*5j:U?Zr^oV^Tt>. IWMH^. S&AUfS 

[0041] iot, _h|E^P#(D^ffl{c:J;l9, W, Hf, Re, Ta&J;tfZr;^&53^kigk£;ft 
[0042] o£«9 % AUrNK W\ Fe, Hf, Re. Ta:fcJ:tfZrtf>«$;fc&JRtt\ l^afiSt'fffi 
[0043] ^ItU^U Ti^Ali:<Dm^O#^ x TibAlb<D&£k&&<DMM.fe. 1400^^ 
<DFe^ NbbAlb<Dffi.fr&t>l£<Dm&. mnX<D&&WZ\3-bk,b*5LhW£\t \ 
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[0044] o£«9, Ti« % Alb<D&&&&<DMm*1400'X:bm\<^K &Mt&&<DM&UT<D 

tmife'rz>h\ ^ttf^otv ^ir^fc^o 
[0045] 09«, ^<*abtby t cAl-Mo025c^Offi|E|-e&-5o 

[0046] ^eyy^V (Mo) ^^^^-^MMSrffi V ^c#£\ St>Aim^Oi«V ^Al- 

12 5 

12 

#J;Ui800 < CO||^S-Ci2Al Mo^Al Mo^Al Mo^£S/&tf 5 

12 5 4 

[0047] ^-e, *mn(D]&nfc£V)&m£tiz>nmte, ±m<D¥mfcmt*—j*vmM& 
[0048] ^(Dmmi-i. Ai(DmMx^4o^±wimx-m^mmmx-hAit^ B ^^m 

. ±m<D¥mfcmt=i>'*?hi&m$m j»&.mmz-rzmm&mz>z. t&x% 
<mmcDj&m2> 

[0049] ^^M^^(Cj:«9li^^mai*^ III^te^^#:^201_k^ M&fc 

[0050] Iimm^mm^m^201b\^Xit. GaN, A1N, InN&it^rO^ 

S^^^5 c fP^^B^202^LTfi, Mz-l$, Tu Nb, V. W % Ta, Re, Mo, Mn, 
Pt x Pd\ Rh, Y^J:t^Zr^^/^i¥<t93gfm^)iaa±O^S^^^^Jl^ffl 

v>^^^^r^^ 0 *fc, m-&mm203bvxi^ m*.&. A^h^^mm^m^^ 
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Z>Z.btfX$Z> 0 m~ &mm204bVXte, #Jx.kf , Nb, W\ Fe, Hf, Re, Ta*3 

[0051] *mM<Dj&m\z.£y$mztizmM}-z. s^uev^s, ±w,<D^m^ 

[oo52] -(Dm-&mmte, ^m^mmti^xTi^m^tcm^, m%±m*mmmiz 

[0053] V^^«5tT*fe^, ^>£?^ x f m&mWkh^^Ztp ffl&mttWb<D&&fcb 
[0054] ^(DW&M&V^, r<Df ffl&mW&te, Tu Nb, V, W, Ta, Re, Mo, 

Mn, pt, Pcu Rh, Y^xxfzr^h^mx^mitth^imu^^m^h^x^^ 

m¥mfcmbm-&mwm*bft%&mmb(Dm^ ^j^ftf m&mwnfrb 

&mM*nm.'tzzbtfx%z>frbxhz> 0 
[0056] Aft^u-cra, ^^tp m&mwmitrmxTfNbfrbtezmxymiinzinMJi 

[0057] TtfSit/Nbte, Al(DM&El±.<Dffl>&&&-rZ> 

&mXh<9. Nbte, $fe^Al<7)®l^W±<DTOSM-e^Alt*^^^«9iiVN 

&mxhhz>titb. ^m^mbm~^mum^h^^m^b(Dm^(o^j:^ 
m^mum^^mm^mm^tzm^m^m^^b^x'o^m^mbx'o 
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[0058] <mm<D^m3> 

[0059] ^mm^m^mm^ mmmtm^mi^m3oi±K^ m-^jsigi302, m 

[0060] mmmtm^m^m3oithrxn. mx.\t, GaN, AiN^tcmnNRn^m 
&®%^!&frbirz¥mftm%m\<^bfr'?%Zo %-&mm302b^xi^ 
m?uz. Mtti^&&frbt£z&m^zm\<^b&x*%5 0 nr.&mmo 

3bVXfe. Nb, W, Fe, Hf, Re, Ta&«fcU*Zrj6><b&3PJ;fr)^fm3l« 

u±<D&mfrttz&mm&m\<^btfx%z> 0 mm^. m&&Ai<DM&£i±.<D 

&mfabte%M=&mm304bL-Xte^ Cu, Ti, V, W, Ta, Re, Mo, Pt, 

Pd, Rh, Au^i^z^^^^^<i:^9S^^4^Sl®W±(O^JS^^/ c ^S^JS^fflv^ 

[0061] 0^^M^±f|J{CAlOgl5^^±(Dg!ll^^i-S^JS*^^mH 

&mm&tstb\zmx.z>z.biz.£<Q^ mr-^mmmm^m-r^b^xt, mmmm^ 

^nttfa<D&$i&TifZ>Z.btfX%Z> 0 
[0062] i^T?, Z-(D%$=&mtfPtt~£. Cu, Ti, V, W, Ta, Re, Mo, Pt, Pd, Rh, Au*S <£ 

[0063] ^tl^&JSfct, V^^t>Al^iHl^^±(DSIl^^i-S^MT*fe«9, tfc^Z^I 

m(Dm^m±^^m^mT^mxh^tc^,m-^mmmm^m-r^b 
^x^^mmmmi^n^m<D^m^Tif^b^x^^bxh^ 0 

[0064] Afl^LTte, ^Ojg-&SW*^Nb<Dl^£r^, ^fgH^JSTOttAu 
[0065] ^^ip^it^r^i-S^^^, Nbte, AlOg&^iOffft&fflM^^kAlt* 
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[0066] <mifo<Dj&m4> 

[oo67] *mm<DMmK£<ommtstiz>mmtz, m%.&. GaN^^^j^4oi±^, m& 
m.'rzz.bftxzzo 

[0068] GaN^^#Jgl401i:bTte, GaN, A1N, InN^o^t/^r^^^^^^i-^ 
m402bL>Xn, Ti, Nb, V, W, Ta, Re, Mo, Mn, Pt, Pd, Rh, Y&.fcTJ* 

XZZo fl— :&JS]g|404i:LTJ3:, fclfctf , Nb, W, Fe, Hf, Re, Ta % Zrfrb 

^m^m^^mu±(D^m^b^^mfm^m^^t^x^ 0 g*^ 

&M<DM&£*)m^^mfatbteZ>&mtig405bVXn, Cu, Ti, V, W\ Ta, 

Re, Mo, Pt, Pd, Rh, Au&£ZFZrfabte&m£Qmiith&in&±(D&mfabt£Z> 

&mm&m^^z.b&x$z> 0 
[oo69] z.(D£?tmj&&mz-zz.b\z.£V)^ i&^ffmtt&mirz^mtemmi&wi&mz. 
%mM*nz>z.btfx%, ¥mftmb<D*-j±&mM&£b\mm&£<&mzmm 

[0070] <mm<Dmm5> 

[0071] ^^*g(^^^«tt)Stt$^^#:^^tt, , AlGa 
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[oo72] z<d£? ^ fcxymmztiz^fcm+te. ^^^vmfi^^mf^m 

&&m-rz>o tits *mxiz£vmk£tiz¥mfcm**ft&ttmia'Z. a— a«= 
(Dmmb g^*?-^— ?b&mmzftf$.x*%z>z.bfrb, ^u±ximv>mm&z>\<^ 

[oo73] sx±^ mmz^m^x^w^mmteniz^^x^titiK ^.tih^^m^m 

[0074] tcbx.&, ±mmm<Dmmxmiimmtm^mi^bvx\^ rm<D3<.u)xm£ 

[0075] InAlGa N---(l) 

x y 1— x— y 

ft**, ±m<D#:(l)izm^X^ x*S£UW, O^x^l, 0^y^l:fcJ;tK)^x+y^ 

i*mtcrmmx&z> 0 

[0076] jyfclftMte, A1N, GaN^c^AlGaN^^O#m^^S¥^^^#(f 

^-C^5o ±te.<Dj£(l)Xm£frZ>ttW£l*\~fch, GalnNAs, GaNP. GaNP 

[0077] ^OJ:5^III^^^^^^#^f«, ^«4gaH-#*:^C ^KHBS#t>ii;gs 

%\m&*smxhz>tiib, m z ?m^<Df&mh~*sifexhz> 0 
[0078] sxt. *mw&mMffl\z£<otsbiznw-rz>7!)h *&wtez.tibwm£tiz>h<D 

[0079] <HJS#!ll> 

mm, *mnmfc£vmttstizmM(D-M*^irmmmmmx$>z> 0 
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[0080] xmrnm^wmistizmmte. mmmmm^mftmioitLrXAiGaNmi 
Aim^ifco. 3), n-&mmio2t\.xAimmm60nm), n~&mmio3b\^x 

[oo8i] z<d £otemmmmz&\, ^T^*, NbrntfAimmmzm^x^ztzft^ mmunn 
Rftv^^tub. #mz¥m.ftmmmm]&w:&nz>z.btfx$^ yt^-t^-v—xtt. 
m<D&mt<Dm&m*b%:z>&mmxh£<. hvmsu N^m^vxh^\ 

[oo83] */c. mr.&mmtisX, NbbFeb&m^ ^xm^mmm^m^^xNbtFetiD^ 

&&35nmJ&f&\^tcm&hNb^(Dm&bmm<Dl&W:timbntc 0 ^<DW^ Nb, w 
, Fe. Hf , Re. Ta£fcteZr7^&5J^:?M^ Nb. W\ Fe, Hf x Re, Ta^XXfZr<D 

6o Nb:fc«fcOTe^ m*(5M*%^T)-CfenfiMo^P^fc^5r 

[0084] £*L, #H«!|-ete. MmfrbteZm— &mmi02<Dm£%60nm, NbJgll03O 
j¥£&35nm£L*:^ AlWk Nbm<DmtStemM(Dm£birZ>Z.btfX%Z>o titdU 

Nbm<Dm^m<^b^m(Dmm^h,mmmmmmm^ir^mm^^tc 

ibs ^<D^1fe&&1&M£ J ttZ>tM^ Nbm<DW£telOnmU±.X$>oXh£\<\ 
[0085] &tc, *mMmXteAlGaNm<DAmj$.lt*0. 3bVt^\ AlGaNJH<DAl*§U&it 
hffiM(Dm.)&l£b1rZ-btfX$Z 0 

[0086] &tc, *mmmx}^ ^mm^y<^Mm^m^t^K m^mmmmm^ 

jjmxmm*tz>z.bh-*smxfrz> 0 
[oo87] ^mmmx\^ m^mum^9oox:b^tc^K m t &mum-tAi<Dm&&M 
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[0088] *fc, m&m<D^ w&mtt&mm&mm-rzwt&te s #jto&c, mmcD&m 

[oo89] <mmm2> 

m 2 ra , *mmm k ^mm^ti^nm^-m^-rm mmmmx^ 0 

[0090] *mifamiZ.£'9m&£frZ>mMn. GaN^igfrJ^20l£LTAlGaNj^(Aim/& 

ito. 3), m^Ai(Dm^K>m^^m^h^^m^mm202t\^xNbmmm5 
nm),n-&mmtvxAim203mmonm),mr.&mm204tvxNbmmm 
20nm)^m z f-mmmu mtux. ^v^m^mx^—^y^^ 85o<c<z>if& 
®tm$:ft?£?z.bxxmvtio 
[0091] z.(d &?t£wmwm.\z.^ ^xn, Nbm&Aimmmzm^x\, ^*:#>, nmumv 

tfL&m-rzmmzmz^t&xzZo mm^ Nb^tAmtm5ox:xm^t^R 
j&uev^c#>, #mc¥ig.?j:mMmwm&$:nz>zb&x%, ft¥±>y—x$Lm 
wmir^tc^(DB^^-^t^xmm^<mm^^t^x^ 0 
[0092] ^mmmxi^ mM^M(Dm^xy)M^^m^h^^m^mm202tL,x 

Nb^fflV^^, Ti, Nb, V, W\ Ta, Re, Mo, Mn, Pt, Pd, Rh % Y&iT^Zrd^ 
X&Zo 

[0093] Nbm<Dmm*5nmtl,tz.l)K M&&M<DM&£Vmi<^mfrbt£Z><Pm& 

mmo2<Dm£nffim<Dm£t-tz>z.ttfx$z> 0 tztdu m&mmizAibzci&i-z 
&m*m^tcM&. m^M<DmM,x.^m^^m^h^^m^mm202t(D^ 
x% m-&mm203iz&&nzMtfir^x&frtix^o^mm$hz>o zkdk.#>^ 

202<Dm$te, AmtzteAi&&fabt£z>m-- &mm203<Dm$£ v )m<-t-z>^btfx 

[0094] mmi^ ^mmmx}^ m—&mm203bvxAm&m v *itt>K m-&mwkb\^x 
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[0095] ^H&^J^204£LTNbJ^3rffl V ^tctK Nb, W\ Fe, Hf , Re, Ta*5 <TOZr 

[0096] ^^it^!J-e«AlJ^203<Di?:$^70nm x NbJ^204<7}JS£3r20nm£Lf;:;&^ 

[0097] 2jc^ig^i|-e{*AlGaN^AlijB.^it^O. 3£Lfc7^, AlGaNgiOAUS&J&ifc 

[0098] *7t, xmrnm-vte. ^mm^m^mmm^xm^.vtz^K *s*v#mmmm> 
[0099] ^mmmx^ m&mmM&sscrckuttK ^MmumnAKDm^m 

[0100] W<Of, SiJ^fcft&«lR«^/I1-5#£-t* g ttfciJ&C, j5TMtf>&JR 

[0101] <HWJ3> 

[0102] #|gffiWfcJ;9^$*L3«ffirau GaN^¥^f«301fcLTAlGaN]R(Al*&rit 

ito. 3),m-&mm302kvxMmmm60nm)^mr.&mmo3k^xNbmm 

J¥35nm) , Sl^;^AlOSl!^^±O^JR^^^6^H^JRm304^bTAul^(J^j9 

&m*ftttz.kxfcm-*u 

[0103] z<d £5ftnMffiM t-*5V N-cfi, NblKasAUK£ifi&«o-cv ^fcfcm<Si*mtf>¥ 
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&m-rz>w&&i&zzk&X'%z> 0 mmc, NbmbAmb&95ox:xmzbA,b°%.fc 
[0104] ^mrnrnxn. m-&mmb^xA\m&m*< n-&mimbi,xteAi 

f&frtl-Z^btfXZZo 
[0105] £75:, ^~^MI^303^U-CNb^ffiV^5 % Nb % w, Fe, Hf, Re, Ta&itfZr 

|g-Cfc«9, *^ffi^|-e«, AlJg£a^#3|g-&Jgjg|302Oj?$£60nm > Nbjg 

^^mm^h^tc^i<fbm(Dm^monm&,±b'r^b^x^ 0 

[0106] ^:MJ6^lTi^AlGaNj^<OAim^Jt^O. 3£L/ctf\ AlGaN]g£<£>AlMj&ifc 

hf$xM<Dm)8.l£b-rz>ZbfrX%Z> 0 
[0107] |^^(^ ^:|IJg0!lTii. j|fi^^Al(Oi|ll^J;«9iSV^m>6^^mH^JRJ^304^ 

LTJ?:£50nm<DAuffi£&JBV^c^ gt^^Al(Di|!jl^j;«9^V^JRd^^^mH^JS 

m%r^-fZ>h<DXtett:\, \ 

[0108] ^(Dtctb, ¥mftm*Mb<Dw.mmM7!)m\< ^m^, mmmm vmmttfa 
(Dmtji&mmbisto^m&i^ m=&mm304temz&mbtevte\<\ tctcu m 

ftttJffafDt&tfi&Tif Z> B Cu, Ti, V, W, Ta, Re, Mo, Pt, Pd, Rh, Au 

^J;^Zr^^S^^^^fcV^T^-lffiW±<D^M^^^S^M^IB-rS 

^b&XZZ> 0 

[0109] ^mmmxit, ^mm^m^mmm^m^t^K ^<^mm^m<D 

jjmxmm~rz>^bi>*jmx&z> 0 
[oi io] ^mmmxn. mmmnm%85ox:bi,tzt)K m^mumn Ai<Dm&&m 
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com] sij^0f^^«i^^®-r^^« @ ffna&c. mm<D&m 

[0112] <^»J4> 

[0113] ^H«J^J;t)S^$t^«afi^ GaN^^^M401^U-CAlGaN(Alija^it 

m) N m^M<DmM.x^^m^h^m^m^405t^xAummm50nm 
ftt&z-txi&m^tz.o 

[oi H] z.<d x^mmmm: k*sv >t«, Nb^Aiisi^BSraoTv ^fc&s^™-^ 

^Wi-^«fii^#6ri:^x*#fCo HUSK, Nb^A1^^850^C-C{i^^A/^KJ^ 

[oils] gi6{i x ^s^i- ±vmm£tiz>mm<Dmm^ izxvmmtstizmm^ 

mmt&fr&^x^irft^m.qkmizxz^Mmxhz,, 
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